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SUMMARY 


The  overall  goal  of  this  project  was  the  development  and  testing  of  an 
anticoagulant  formulation  that  would  permit  storage  of  platelet 
concentrates  for  15-20  days  at  22*C.  The  first  two  years  were  focused  on 
examining  the  effects  on  platelet  function  of  a  long  list  of  inhibitors 
directed  against  the  clotting  enzymes  thrombin  and  Factor  Xa  or  compounds 
acting  through  cyclic  AMP  or  other  biochemical  pathways  to  limit  the 
effects  of  platelet  activation  stimuli.  We  found  that  the  best 
anticoagulant  was  citrate  supplemented  with  the  combination  of  a  thrombin 
inhibitor  (like  hirudin  or  Thromstop)  plus  aprotinin  and  the  platelet 
activation  Inhibitors  Prostaglandin  £-1  and  theophylline.  This  formulation 
was  used  to  prepare*  platelet  concentrates  in  which  in  vitro  platelet 
function  was  well  maintained  for  15  days.  We  also  found  that  a  similar 
approach  with  these  inhibitors  in  artificial  storage  media  (esp.  that  of 
Holme  et  al.,  Br.  J.  Haematology  66 i 233-238.  1987),  produced  platelets 
exhibiting  evidence  in  vitro  of  continued  function  and  Integrity  over  a  20 
day  storage  period.  This  is  now  a  standard  against  which  other  products 
are  compared  in  our  laboratory. 

The  next  phase  of  the  project  would  have  included  studies  of  acute 
toxicity  of  the  anticoagulant  formulation  and  in  vivo  testing  of  platelets 
for  efficacy  and  circulation  capacity  (radiolabelled  survivals  and 
recoveries)  after  long  term  storage.  Unfortunately,  the  termination  of  the 
contract  July  30,  1988,  by  reason  of  Congressional  budget  limitations 
prevented  the  initiation  of  this  part  of  the  workplan.  The  questions  still 
remain  concerning  the  ability  of  platelets  stored  for  15-20  days  in  the 
novel  anticoagulant  to  circulate  properly  and  function  in  vivo.  The  data 
gathered  from  in  vitro  studies  seams  promising,  but  the  direct  testing  must 
be  done  to  prove  the  utility  and  safety  of  this  product  for  the  medical 
community. 

Our  results  to  date  support  the  working  hypothesis  that  platelet 
activation  plays  a  major  role  in  the  loss  of  platelet  function  and 
integrity  during  storage,  leading  to  the  "storage  lesion".  The  use  of 
inhibitors  to  limit  the  occurrence  and  effects  of  platelet  activation 
appears  to  slow  dqwn  onset  of  the  storage  lesion,  at  least  according  to  in 
vitro  markers.  The  targeted  useful  shelf -life  of  15  days  for  a  platelet 
concentrate  for  transfusion  purposes  in  the  military  medical  setting  may 
well  be  achievable  with  this  strategy.  It  is  regretable  that  the  project 
was  halted  before  progress  could  be  made  towards  implementation  of  this 
approach  for  blood  banking  practice. 

The  data  generated  during  ^he  funded  part  of  this  project  have  been 
presented  in  several  manuscripts  and  abstracts. 

Publications 

In  press t  (1)  "Plasmln  Activity  and  Complement  Activation  During  Storage 
of  Citrated  Platelet  Concentrates",  J.  Lab.  Clin.  Med. 
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(2)  "Changes  In  tha  Activation  Stata  of  Storad  Platelets", 
chapter  in  Plasma  Therapy  and  Transfusion  Technology. 

In  revise;  (3)  "Autonation  of  Analysis  of  tha  Hypotonic  Shock  Recovery  Rata 
in  Platelet  Suspensions'*,  Vox  Sanguinis. 

i  “ 

(A)  "Metabolic  Status  of  Platelet  Concentrates  During  Extended 
Storaget  Improvement  with  Pharmacological  Inhibitors  and 
Reduced  Surface-to-Volume  Ratio",  Vox  Sanguinis. 

(5)  "The  Effect  of  Protease  and  Platelet  Activation  Inhibitors 

on  the  Loss  of  Surface  Glycoprotein  lb  During  Storage  of 
Platelet  Concentrates",  Blood. 

(6)  "The  Use  of  Thrombin  and  Factor  Xa  Inhibitors  in  the  Preser¬ 

vation  of  Platelets  Stored  for  Transfusion",  J.  Lab.  Clin. 
Med. 


In  preparations 

(7)  "Extended  Storage  of  Platelets  in  Artificial  Media  with 

Platelet  Activation  Inhibitors”. 

(8)  "The  Effect  of  Container  Surface-to-Volume  Ratio  on  Extended 

Storage  of  Modified  Platelet  Concentrates". 

Presentations  (oral)  „ 

(1)  "Conversion  of  Complement  Factor  C3  During  Storage  of  Citrated 

Platelet  Concentrates",  N.C.  Assoc.  Blood  Banks;  Sept.,  1986. 

(2)  "Generation  of  Complement  Activation  Peptides  During  Storage  of 

Platelet  Concentrates  (PC)",  International  Congress  on  Thrombosis 
and  Hemostasis;  July,  1987. 

(3)  "Plasmin's  Role  in  the  Platelet  Storage  Lesion",  Amer.  Assoc. 

Blood  Banks;  Nov.,  1987. 

(A)  "Effects  .of  Plasain  and  Thrombin  Inhibitors  and  Surface-to-Volume 
Ratio  on  the  Platelet  Storage  Lesion",  Amer.  Assoc.  Blood  Banks; 
Nov.,  1987. 

(Future) 

(5)  "The  Loss  of  GPIb  from  Stored  Platelets  is  Caused  by  Platelet 

Activation,  Not  Plasma  Enxyme  Activity",  accepted  for  presenta¬ 
tion  at  Amer.  Assoc.  Blood  Banks;  Oct.,  1988. 

(6)  "Storage  of  Platelet  Concentrates  (PC)  20  Days  with  Platelet  Acti¬ 

vation  Inhibitors  in  Artifical  Media”,  accepted  for  presentation 
at  Amer.  Assoc.  Blood  Banks;  Oct.,  1988. 
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INTRODUCTION 


Platelet  concentrates  (PC)  have  been  used  for  several  decades  in 
civilian  blood  banks  for  treatment  of  patients  having  thrombocytopenia  or 
dysfunctional  platelets.'  For  care  of  the  coa&at  casualty,  platelet 
Infusions  would  he  Indicated  in  cases  of  severe  trauma  with  massive 
transfusions  causing  "washout  thrombocytopenia",  and  in  casualties  with 
oblated  bone  marrow  such  as  in  severe  radiation  injuries.  The  availability 
of  PC  to  the  military  surgical  and  medical  theater  has  been  greatly  limited 
by  the  short  shelf -life  of  only  5  days.  From  our  previous  work  on  the  role 
of  platelet  activation  in  the  "storage  lesion"  of  platelet  concentrates 
(Contract  DAMD17-84-C-4005),  it  appeared  possible  to  greatly  extend  the 
shelf-life  of  platelets  by  developing  a  means  to  prevent  platelet 
activation  or  limit  its  effects  during  blood  processing  and  atorage.  This 
project  was  thus  centered  on  the  evaluation  of  pharmacological  and 
mechanical  approaches  to  inhibit  thrombin  activity  and  its  generation  in  PC 
as  well  as  on  general  strategies  to  identify  and  block  other  agonists 
present  in  the  system. 

The  first  objective  was  to  desionstrate  in  principle  that  platelet 
function  could  be  preserved  for  a  much  greater  period  of  time  than  the 
current  5  days  of  shelf-life  permitted  by  the  FDA.  This  was  accomplished 
by  use  of  chemical  compounds  added  as  a  supplement  to  the  standard  citrate 
anticoagulant  (CPDA-1)  and  by  modification  of  the  geometry  of  the  storage 
container.  Platelet  function  could  be  demonstrated  in  vitro  even  after  15 
days  of  storage  under  these  conditions.  The  continuation  of  the  project 
would  have  meant  an  examination  of  the  practicality  of  this  approach  in 
terms  of  toxicity,  efficacy,  and  reduction  to  practice  in  blood  banking. 
Termination  of  the  contract  prevented  initiation  of  the  latter  phases  of 
the  project. 

The  results  presented  below  include  our  efforts  to  discern  the  role  of 
Complement  and  plasmin  in  the  platelet  storage  lesion.  Basically,  we  found 
no  direct  evidence  that  Complement  or  plasmin  directly  damaged  platelets 
during  the  storage  period.  However,  an  activation  peptide  from  C3 
conversion  was  present  in  PC  in  concentrations  well  above  those  shown  by 
Polley  and  Nachman  (J. Exp. Med.  158; 603-615.  1983)  to  be  sufficient  to  cause 
platelet  activatipp.  Also  below  is  presented  data  bn  preservation  of 
platelet  function  Vlth  various  combinations  of  compounds  added  to  the 
citrate  anticoagulant.  Use  of  inhibitors  in  artificial  media  was  also 
explored.  We  have  demonstrated  the  beneficial  effects  of  a  combination  of 
cyclic  AMP-active  agents  and  protease  inhibitors  while  testing  many  varied 
alternatives.  Data  was  also  gathered  on  the  extra  benefit  obtained  by 
adjusting  the  surface-to-volume  ratio  of  PC  in  the  storage  bag  in  the 
preaence  of  the  best  combination  of  inhibitors.  The  methods  used  to  obtain 
these  results  are  included  in  the  description  of  each  experimental  design. 


RESULTS  AND  DISCUSSION 


The  experiments  performed  In  this  project  were  conducted  on  PC  either 
obtained  directly  from  the  local  subcenter  of  the  American  Red  Cross  or 
prepared  in  this  laboratory  from  whole  units  and  half -units  of  blood 
collected  from  normal  human  volunteers.  All  phlebotomy  procedures  were 
reviewed  by  the  appropriate  institutional  raveiw  board  and  carried  out  in 
the  presence  of  at  least  one  registered  Red  Cross  nurse.  The  PC  were 
stored  in  PL-732  plastic  containers  at  22*C  with  continuous  agitation 
unless  otherwise  noted.  Samples  were  drawn  aseptlcally  and,  when 
necessary,  centrifuged  at  14,000  x  g  for  2  minutes  to  prepare  a  cell-free 
supemate  and  a  platelet  pellet.  The  tests  and  assays  employed  in  our 
studies  were  performed  by  well-published  techniques  or  kits,  or,  like  the 
analysis  of  GPIb  by  flow  cytometry,  are  described  in  soma  detail  in  the 
appropriate  subsection.  The  chemicals  used  were  all  reagent  grade  or 
better. ' 

Complement 


In  continuing  the  investigation  of  the  prior  project  (DAMD  17-84-C- 
4005)  on  the  potential  affect  of  plasma  ansyma  systems  on  stored  platelets, 
we  assayed  for  evidence  of  Complement  activation  and  generation  of  plasmin 
activity  during  7*10  days  storage  of  PC.  for  the  Complement  system,  we 
performed  standard  radio-immunoassay  (RIA) '  studies  to  determine  the  amount 
of  binding  of  opsonic  fragments  of  Complement  factor  C3b  to  stored 
platelets.  Three  monoclonal  antibodies  were  employed,*  directed  against 
separate  epitopes  called  C3c,  C3g,  and  C3d,  respectively.  Table  1  shows 
that  only  the  antl-C3d  antibody  bound  significantly  to  stored  platelets 
versus  fresh  platelets,  indicating  that  no  opsonic  fragments  of  C3  were 
deposited  on  the  platelet  surface  during  storage.  These  findings,  combined 
with  our  previous  demonstration  (Contract  DAMD  17-84-C-4005)  of  no 
significant  levels  of  the  Complement  membrane  attack  complex  on  stored 
platelets,  suggest  that  Complement  does  not  directly  damage  platelets  in  PC 
-under  standard  storage  conditions.  However,  limited  ectlvation  of 
Complement ,  probably  by  the  alternative  pathway,  was  found  as  described 
below. 

TABLE  1:  Quantitation  of  Surface-Bound  C3  on  Fresh  and  Stored  Platelets 

(mean  i  SD,  N»6) 


Antibody 

Platelets 

Fresh 

Stored 

«C3c 

0 

4  ±  8 

aC3g 

208  ±  151 

142  i  132 

aC3d 

235  ±  218 

352  ±  252  * 

Data  expressed  as  number  of  antibody  molecules  specifically  bound  per 
platelet. 

^Significant  difference  between  fresh  and  stored;  paired  t-test,  p*0.04. 
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Evidence  of  the  conversion  of  C3  to  C3b  end  C3e  ves  demons treted  in 
the  supematent  plasma  of  standard  PC  by  use  of  an  RIA  kit  from  Upjohn 
Diagnostics,  Kalamazoo,  MI.  Table  2  shows  a  nearly  linear  increase  in  C3a 
over  time  in  PC  and  in  stored  platelet-poor  plasma  (PPP).  The  equivalent 
increase  in  C3a  in  PPP  indicates  that  platelets  did  not  play  a  significant 
role  in  the  conversion  of  C3  in  PC.  The  mechanism  responsible  was  probably 
that  of  the  eutocatalytic  reaction  involving  spontaneous  hydrolysis  of  a 
thiol-ester  bond  in  C3  (Pang bum,  chapter  in  Immunobiology  of  the 
Complement  System ;  Ross  led],  Academic  Press,  1986).  The  activation 
peptide,  C3a,  has  been  shown  (Polley  and  Nachman,  above)  to  cause 
activation  end  release  of  serotonin  in  washed  platelet  suspensions  et 
levels  es  low  as  10“llM  alone,  or  at  10“ when  in  combination  with  other 
agonists.  The  levels  observed  in  PC  are  three  orders  of  magnitude  above 
the  concentrations  used  to  activate  platelets,  and  therefore  C3a  may  be  an 
important  agonist  among  those  responsible  "tor  activation  of  platelets 
during  storage.  The  lowering  of  Ca2+  by  the  citrate  anticoagulant  may 
partially  mitigate  this  effect,  but  these  results  again  emphasize  the 
consideration  of  platelet  activation  as  a  major  determinant  of  the  status 
of  platelets  during  storage. 


C3a  (ng/mL)  In  8tored  PC  and  PPP 


Pleura  1:  Mean  concentration  of 
C3a  or  C3a  des-Arg  (ng/ml)  in 
cell-free  samples  from  six  stored 
platelet  concentrates  (PC)  and 
the  corresponding  platelet-poor- 
plasma  (PPP). 


Similar  assays  for  C5a  as  a  result  of  CS  conversion  showed  no 
significant  findings,  all  <  10  ng/mL.  However,  there  was  a  7.5X  decrease 
noted  in  native  CS  during  10  days  of  storage  of  PC  (p*0.04).  Whether  or 
not  this  figure  represents  consumption  of  C5  in  an  activation  pathway  is 
unknown.  An  examination  of  stored  platelets  by  flow  cytometry  for  evidence 
of  the  membrane  attack  complex  did  not  reveal  any  postfrve  results  (data 
collected  under  previous  contract  No.  DAMD  17-84-C-4005).  It  would  appear 
that  the  Complement  system  is  not  responsible  for  direct  damage  of 
platelets  during  the  storage  period. 
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An  investigation  of  fibrinolytic  activity  in  PC  was  undertaken  with 
the  presd.se  that  deaonstratlon  of  plasain  generation  could  be  linked  to 
well-known  changes  in  platelets  during  storage  such  as:  refractoriness  to 
throsibin  stimulation,  decrease  in  buoyant  density,  poor  recoveries  and 
survivals  post-transfusion,  and  loss  of  glycoprotein  lb  (GPIb).  We  assayed 
for  plasmin  activity  diractly  in  PC  sasq>les  with  the  chroangenic  substrate 
S-2251  and  quantified  only  the  absorbance  change  that  was  blocked  by 
aprotinin,  an  inhibitor  of  plasain.  The  results  showed  (figure  2)  an 
appreciable  aaount  of  plasain  activity  in  fresh  and  stored  PC  at  levels 
significantly  above  (p<0.01)  background  observed  in  fresh  or  stored  PPP. 

In  addition,  fibrin(ogan)  degradation  products  (FDP)  increased  to  a  peak  at 
10  days,  indicating  breakdown  in  situ  of  fibrinogen  or  fibrin  by  plasain  in 
the  PC  (Figure  3). 
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Figure  2.  Plasain-like,  aaidolytic 
activity  in  fresh  plasas  (n*6),  stored 
PC  (n*9),  and  stored  PPP  (n*5)  in  units 
of  nanokatals  per  liter  (mean  ±  SD). 


Figure  3.  Fibrin(ogen) 
degradation  products  (FDP) 
in  five  PC  and  paired  PPP 
in  units  of  micrograas  per 
allliliter  (aean  ±  SD). 


Another  indication  of  plasain  activity  in  PC  was  noted  from  assays  of 
antiplasaln  activity  using  s  chromogenic  kit  cosnercially  available  from 
Helena  Labs  (Beauaont,  TX).  There  was  a  significant  (pH). 004)  decrease  in 
antiplasaln  levels  in  PC  stored  7  days,  but  not  in  PPP  (see  Figure  4). 

This  loss  of  antiplasaln  activity  was  interpreted  as  evidence  of  generation 
of  plasain  which  completed  with  tha  naturally  occurlnjg  antiplasaln  in  the 
plasas.  The  total  aaount  of  plasain  generated  during  7  days  of  stored  of 
PC  was  found  to  be  less  than  3Z  of  the  aaount  of  plasainogen  in  the  plasaa, 
by  assay  of  plasainogen  levels  with  another  chroswgenic  kit  from  Helena 
Labs. 


Tlgutt  4.  Antiplasmin  activity 
lavals  in  5  PC  and  paired  PPP  in 
international  unite  of  activity 
per  liter  (nan  ±  SD). 


GPIb 


The  data  given  above  demonstrate  evidence  of  a  small  amount  of  plasmin 
activity  in  PC.  One  possible  consequence  of  this  finding  is  an  explanation 
for  the  appearance  of  a  GPIb-negative  platelet  population  recently 
described  by  Michelson  and  co-workers  (J.  Clin.  Invest.  81:1734-1740,  1988) 
and  by  our  own  results  with  flow  cytometry  of  stored  platelets  using  the 
AN-51  monoclonal  antibody.  He  examined  non- fixed,  washed  platelet  samples 
from  stored  PC  with  an  indirect  fluorescence  technique  on  an  EPICS -C 
(Coulter,  Hialeah,  FL)  flow  cytometer  and  compared  the  results  to  fresh 
platelets  from  the  same  donor  on  each  day  of  analysis.  An  isotypic  control 
antibody  was  used  /or  non-specific  binding.  He  found  a  highly  significant 
Increase  in  a  GPIb-negative  population  of  platelets  in  PC  stored  up  to  10 
days.  In  Figure  5  is  shown  an  example  of  the  changes  in  fluorescence 
patterns  obtained  with  PC  obtained  from  the  local  Red  Cross  subcenter.  In 
Table  2  is  given  the  mean  values  (n«8)  for  an  integration  analysis  of  the 
eppeerance  of  a  GPIB- negative  platelet  population  as  defined  by  placement 
of  a  cursor  on  the  fluorescence  histogram.  This  cursor  was  placed  at  a 
point  which  bisected  the  overlap  between  the  GPIb-posltive  platelets  in 
fresh  platelet-rich  plasma  and  the  background,  non-specific  staining. 


I 


Table  2.  GPIb-negative 
population  in  stored  PC  (n“8) . 


Storage  Time 
PRP  fresh 
PC  Day  0 
PC  Day  5 
PC  Day  7 
PC  Day  10 


X  GPIb-nes . 

32  (overlap  point) 
5Z 
11* 

17Z 

25Z 


Each  time  point  showed  a  consecu¬ 
tive  increase  in  the  GPIB-negative 
population  (pS0.02). 


Figure  5.  Overlays  of  flow  cytometry 
fluorescence  histograms  for  a  typical 
citrated  PC  marked  with  the  AN-51  anti¬ 
body  on  Days  0,5,7,  and  10. 
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Another  expression  of  the  dste  from  analysis  of  GPIb  by  flow  cytometry 
involved  the  ose  of  a  method  described  by  Adelaan  et  al.  (Blood  66 t 423- 
427,  1985)  to  convert  the  naan  peak  channel  number  of  the  log  fluorescence 
histogram  to  a  linear  aaasure  of  the  amount  of  GPIb  present  in  the  overall 
population  of  platelets  in  one  sanple  versus  another.  In  this  way,  we 
coaparsd  stored  platelets  to  fresh  aaaples  froa  the  same  (or  other)  normal 
donors  to  calculate  a  value  for  the  percent  of  GPIb  remaining  in  PC.  This 
value  fell  over  a  tan  day  storage  period  in  standard  PC  and  correlated  well 
with  the  fall  in  pH  (rg  ■  -  0.77)  and  the  rise  in  cell  lysis  indicated  by 
plasaa  LDH  levels  (r*0.70),  as  shown  in  Figure  6. 

The  loss  of  GPIb  in  10  day-old  PC  was  also  assessed  by  aggregation 
response  to  ristocetin  (1.5  ag/nL  final  cone.).  The  calculated  value  of 
percent  GPIb  remaining  was  significantly  correlated  with  the  aggregation 
slope  (r  -  0.57)  and  extent  of  aggregation  (r  -  0.68),  and  also  with  the 
rate  of  recovery  in  the  hypotonic  shock  test  (r  ■  0.56)  as  illustrated  in 
Table  3.  These  results  support  the  notion  that  the  fluorescence  assay  with 
the  AN-51  antibody  quantifies  a  functional  part  of  the  GPIb  molecule  and 
that  the  long  term  changes  in  GPIb  Indicate  a  change  in  functionality  of 
stored  platelets. 

Table  3.  Correlation  of  percent  GPIb  remaining  with  aggregation  response 
to  ristocetin  and  recovery  from  hypotonic  shock  in  PC  stored  10  days. 


PC# 

ZGPIb1 2 

Atsr.  Slooe 

Aaar.  AT 

Trf 

1 

i 

1 

822 

18 

502 

582 

2 

812 

33 

802 

252 

3 

712 

13 

332 

0 

4 

702 

14 

262 

562 

5 

642 

8 

412 

332 

6 

582 

14 

322 

0 

7 

572 

23 

482 

232 

8 

572 

14 

412 

432 

9 

502 

21 

452 

0 

10 

462 

9 

202 

262 

11 

422  . 

22 

452 

72 

12 

372 

0 

0 

0 

13 

312 

11 

292 

0 

14 

312  •' 

0 

0 

182 

It  1SD 

562  t  17 

14  1  9 

352  t  21 

212  t  21 

PUP3 

* 

37  t  7 

982  ±  4 

-- 

1Perceht  GPIb  remaining  relative  to  fresh  PSP  from  a  normal  donor. 

2Bypotonic  shock  response  expressed  as  a  percentage  of  the  response  in  each 
PC  at  Bay  0. 

3Freah  PUP  used  as  a  GPIb  standard  and  a  positive  control  for  aggregation 
testing  (n*4). 

* Arbitrary  standard  for  1002  GPIb. 


:! 


*4 


* 
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STORAGE  (days) 


Figure  6.  Correlation  of 
Z  GPlb  reaaining  in  PC 
with  plasma  pH  and  plasma 
LDH  levels  (n-8  t  SD). 


During  this  study  of  GPlb  in  stored  PC,  ve  attempted  to  block  the 
changes  over  a  10  day  storage  period  by  adding  protease  or  other  inhibitors 
to  the  citrate  anticoagulant  before  blood  was  collected  for  making  PC.  Two 
half-units  of  blood  were  collected  from  each  of  four  donors  per  study 
group.  One  of  each  pair  of  half-units  v as  collected  into  the  standard 
citrate  anticoagulant  (CPDA-1);  the  other  was  collected  in  citrate 
containing  an  inhibitor.  The  PC  from  these  half -units  were  stored  in  PL- 
732  containers  rolled  up  to  maintain  the  standard  surf ace- to-volume  ratio. 


Ve  chose  to  test  the  effects  of  E-amino  caproic  acid  (BACA),  a  plasmin 
inhibitor}  aprotinin,  a  plasmin  and  kallikrein  inhibitor;  Thromstop,  a 
synthetic  inhibitor  of  thrombin;  leupeptin,  a  general  protease  inhibitor  N- 
ethyl  malelmide,  an  inhibitor  of  sulfhydryl-directed  enzymes;  and  a 
combination  of  inhibitors  of  platelet  activation,  PGE-1  plus  theophylline. 
As  shown  in  Table  4  and  Figures  7  and  8,  only  the  inhibitors  of  platelet 
activation  were  successful  in  preventing  the  loss  of  GPlb. 


Table  4.  Percent  GPlb  remaining  in  citrated  PC  prepared  in  the  presence  of 
various  Inhibitors  ("Experimental")  and  stored  10  days  with  paired,  un¬ 
treated  PC  ("Control")  from  the  same  donors  (means,  n«4  each  group,  t  1  SD) 


Exoerimental 

Control 

Sictnif  icance 

1  mM  EACA 

65Z  t  17 

68Z  1  24 

NS,  p  «  0.7 

348  KIU/aL  Aprotinin 

73Z  ±  13 

80%  i  10 

NS,  p  -  0.4 

6  pM  Thromstop 

65Z  1  6 

69%  1  14 

NS,  p  ■  0.6 

0.5  nM  Leupeptin 

55Z  ±  8 

52%  ±  7 

NS,  p  -  0.4 

64  pH  NEM 

84Z  ±  2 

86%  ±  3 

NS,  p  *  0.4 

300  nK  PGE-1  plus 

1.9  aM  theophylline 

93Z  ±  5 

65%  1  16 

*p  ■  0.04 

PGE-1  +  theophylline 

89Z  i  3 

53%  ±  7 

*p  ■  0.01 

+  Thromstop  and  Aprotinin 
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A  formulation  with  Thromstop  and  aprotinin  addad  to  the  PGE-1  and 
theophylline  alao  showed  remarkable  preservation  of  GPIb,  but  did  not 
significantly  improve  the  results  over  the  effect  of  PGE-1  and  theophylline 
alone.  Plasain  or  other  plasma  protease  activity  apparently  had  no 
significant  role  in  the  loss  of  GPIb  under  these  conditions. 


LOG  Fluorescence 

Figure  7.  Overlays  of  fluorescence 
histograms  for  typical  experiments 
single  PC  with  and  without  inhibitor 
added  to  the  anticoagulant;  each 
pair  of  control  and  experimental  PC- 
vas  tested  on  Day  10  with  the  AN-51 
antibody  for  GPIB  and  compared  to 
each  other  as  well  as  to  fresh  PRF 
from  the  same  donor. 


Figure  8.  Overlays  of  fluorescence 
histograms  for  a  from  typical  ex¬ 
periment  from  a  protease  single  PC 
with  and  without  the  platelet  acti¬ 
vation  inhibitors,  PGE-1  and  theo¬ 
phylline  (also  with  Thromstop  and 
aprotinin  in  upper  panel),  added  to 
the  anticoagulant;  analyzed  with 
AN-51  antibody  for  GPIB  as  in  Fig.  7. 


These  results, and  those  of  the  previous  sections  collectively  demon¬ 
strate  the  importance  of  platelet  activation,  rather  than  proteolytic  dam¬ 
age  from  plesma  enzymes,  in  changes  associated  with  the  storage  of  plate¬ 
lets  In  PC.  The  working  hypothesis,  therefore,  for  improving  the  quality 
or  via-bility  of  stored  platelets  was  to  prevent  or  limit  the  effects  of 
platelet  activetlon.  We  had  demonstrated  in  the  previous  contract  period 
(DAMD  17-8A-C-4005)  that  the  addition  of  PGE-1  plus  theophylline  and  hiru¬ 
din  (a  thrombin  inhibitor)  greatly  extended  the  preservation  of  in  vitro 
platelet  function.  The  next  sections  of  results  describe  further  findings 
with  various  formulae  and  other  considerations  of  benefit  in  long  term 
storage  of  PC. 

Inhibitors 


We  have  examined  numerous  chemical  and  other  types  of  modifications  of 
PC  processing  and  storage  conditions  with  the  goal  of  improving  the  reten- 


tion  of  pltUlat  function  over  a  10-15  day  storage  period  as  judged  by  in 
vitro  markers  such  as  hypotonic  shock  response*  aggregation  response*  evi¬ 
dence  of  continued  metabolic  respiration  (p02*  pCC^)*  rate  of  Mtabolic 
activity  (lactate  production*  glucose  consustption),  and  integrity  of  plate* 
lets  (plasma  pH*  released  LDH*  platelet  morphology).  A  listing  of  the  in¬ 
dividual  agents  and  methods  investigated  in  this  study*  without  mentioning 
all  the  combinations  tried,  is  given  in  Table  5. 

Table  5.  Anticoagulants  and  Additives  Tested 


PGB-,1  plus  Theophylline 

Forskolin 

Ethanol 

Allicin  (garlic) 

Vitamin  E 
Hydrocort isone 
Heparin  (unfractionated) 
^Fragmin 
*Thromstop 
Hirudin 
PPACK 
DABE 
BABIM 


5 1 -Amidinolndole 
FUT  175 

Calls  bulb  extract 
EACA 

*Aprotinin 
Leupeptin 
Pepstatin  A 
4*C  (refrig.) 

Reduced  Citrate 
High  lCa2+] 

factor -Deficient  Plasma 
"Reduced  surface-to-volume  ratio 
Elimination  of  second  spin 


The  first  step  employed, in  evaluating  these  inhibitors  was  to  check 
the  reversibility  of  any  and  all  effects  of  the  compound(s)  on  platelets  by 
incubating  them  overnite  in  PRP  at  varying  doses*  then  resuspending  the 
platelets  the  next  day  in  autologous  plasma  without  inhibitors  and  conduct¬ 
ing  the  sama  series  of  function  and  integrity  tests  that  was  used  to  evalu¬ 
ate  the  platelets  before  addition  of  inhibitors.  In  this  way*  we  noted  no 
direct  effects  on  platelet  function  with  agents  such  as  leupeptin*  FUT-175, 
Thromstop*  EACA,  aprotinin*  DABE*  or  allicin.  Reversible  effects  were 
observed  with  forskolin,  extract  of  calla  lily  bulbs*  and  with  the  formula 
of  PGE-1  plus  Theophylline  which  is  illustrated  by  example  in  Table  6. 

Table  6.  Reversibility  of  PGE-1  plus  Theophylline 


DOSE* 

pit' 

COUNT  ^ 

HYPOTONIC  SHOCK 

AGGREGATION 

Post** 

Pro 

Post 

Pre 

Post 

100% 

96%^ 

80% 

63% 

73% 

0 

61% 

80% 

95% 

83% 

65% 

73% 

0 

66% 

60% 

95% 

79% 

66% 

73% 

0 

66% 

40% 

96% 

81% 

68% 

75% 

0 

67% 

20% 

95% 

80% 

68% 

71% 

0 

65% 

O(control) 

94% 

70% 

84% 

68% 

64% 

54% 

DOSE  given  as  a  percentage  of  the  concentrations  used  in  our  platelet 
storage  experiment a  (100%  ■  300  nM  PGE-1  and  1.9  mH  theophylline  in  PRP). 

Platelet  Count,  Hypotonic  Shock  Recovery  Rath,  and  Aggregation  Vhx  (to  2  x 
10*5  M  ASP)  expressed  as  a  percentage  of  the  values  in  fresh  PRP.  Data 
presented  here  are  means  of  4  experiments. 

**"PreN"before  washing  to  remove  the  ihhibitor(s),  "Post "-after  washing. 
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Analysis  of  var lanes  of  ths  data  abovs  ravaalad  that,  before  washing, 
there  was  a  profound  effect  of  PGE-l  and  theophylline  on  platelet 
aggregation  (as  would  be  expected  fro*  the  literature)  and  a  subtle 
inhibition  of  hypotonic  shock  response  (p»0.007).  Resuspension  of 
platelets  in  fresh  autologous  plasaa  resulted  in  coaplete  restoration  of 
responsiveness  relative  to  controls.  These  data  demonstrate  that  the  use 
of  FCl-1  and  theophylline  in  novel  anticoagulants  for  platelet  storage 
would  not  result  in  irreversible  inhibition  of  platelet  function.  Some 
agents  had  irreversible  effects  on  platelets  in  this  experimental  design. 
Data  from  the  addition  of  fractionated  heparin,  called  Fragnin  (Kabi  Vi  true 
AB,  Stockholm,  Sweden),  to  FRP  demonstrated  an  irreversible  effect  of 
platelet  dumping  during  storage  (see  Table  7). 


Table  7.  Clumping  of  platelets  by  Fragnin. 


DOSE 

PLT. 

COUNT 

HYPOTONIC 

SHOCK 

AGGREGATION 

10  u/aL 

Pro 

Post 

Pre 

Pest 

Pro 

Post 

64* 

55* 

83* 

76* 

73* 

69* 

8  U/aL 

66* 

70* 

87* 

83* 

86* 

81* 

6  U/aL 

64* 

19* 

8AZ 

62* 

86* 

43* 

A  U/aL 

73* 

38* 

79* 

77* 

83* 

70* 

2  U/aL 

76* 

59* 

88* 

89* 

92* 

76* 

0  (control) 

91* 

73* 

84* 

91* 

65* 

79* 

Footnotes  as  in  Table  6,  except  the  Dose  here  is  actual  concentration  of 
Fragnin  in  PRP. 


The  next  step  in  this  study  was  to  use  formulations  of  inhibitors  as 
supplements  to  the  standard  CPDA-1  anticoagulant  for  long  tern  storage  of 
PC.  The  methodology  of -sterile  introduction  of  reagents  into  CPDA-1  was 
carried  out  as  in  the  previous  project'  (DAMD  17-84-C-4005).  PC  were  stored 
under  standard  conditions,  except  that  the  surf  ace- to- volume  ratio  of  the 
storage  bag  was  adjusted  to  A  cmz/aL  for  reasons  given  in  a  following 
section.  Many  coa&inatious  of  inhibitors  were  tried}  see  Table  8  for  a 
list  of  15  formulations  yielding  useful  information.  Those  with 
unfractionated  heparin  or  Fragnin  (Formula  Nos.  7  and  9)  suffered  from  a 
severe  clumping  of  platelets  during  a  10-15  day  storage  period  (see  Table 
9).  Replacement  or  supplementation  of  CPDA-1  solely  with  the  thrombin 
inhibitors  hirudin  (Formula  Nos.  3,5)  or  Thromstop  (Formula  No.  A)  did  not 
improve  platelet  function  over  that  of  controls  over  a  10  day  storage 
period  (data  not  shown).  The  previous  (Contract  No.  DAMD  17-84-C-4005) 
best  formulation  (No.  10)  containing  a  thrombin  inhibitor  plus  PGE-l  and 
theophylline  was  improved  by  the  addition  of  aprotinin  (sea  Table  10). 
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Table  8.  A  partial  list  of  foraulations  of  anticoagulants  used  in  studies 
of  extended  storage  of  PC. 

(1)  C PDA-1  in  the  standard  1x8  ratio  with  whole  blood. 

'  (2)  CPDA-1  in  a  1:12  ratio  with  whole  blood. 

(3)  CPDA-1  at  1x12  with  2  antithroaibin  units/oL  hirudin  in  whole 
blood. 

(4)  CPDA-1  at  1:8  with  6  mM  Thronstop  in  whole  blood. 

(5)  No  CPDA-1}  8  units /mL  hirudin  dissolved  at  8X  in  0.92  NaCl  for  a 
1x8  ratio  with  whole  blood,  with  dextrose  and  phosphate  added  at 
the  levels  in  CPDA-1. 

(6)  No  CPDA-1}  8  units/aL  hirudin  plus  300  nM  PGK-1  and  1.9  sM 
theophylline  with  1  x  10'^M  5-Anidinoindole  dissolved  at  8X  in 
0.9Z  NaCl  for  a  1x8  ratio  with  whole  blood  with  dextrose  and 
phosphate  added  at  the  levels  in  CPDA-1 . 

(7)  No  CPDA-1  j  10  u/aL  heparin  plus  300  nM  PGE-1  and  1.9  nM 
theophylline  dissolved  at  8X  in  0.9%  NaCl  for  a  1x8  ratio  with 
whole  blood,  with  dextrose  and  phosphate  added  at  tha  levels  in 
CPDA-1. 

(8)  CPDA-1  at  1x8  with  300  nM  PGE-1  and  1.9  aM  theophylline  in  whole 
blood. 

♦ 

(9)  Foraula  (8)  with  20  anti-Xa  units/mL  Fragmin  in  whole  blood. 

(10)  Foraula  (8)  with  8  units/aL  hirudin  in  whole  blood. 

(11)  Foraula  (8)  plus  348  kallikrsin  Inhibitor  units/aL  aprotinin  in 
whole  blood. 

(12)  Foraula  (11)  plxxs  6  pM  Throastop  in  whole  blood. 

(13)  Foraula  (11)  plus  8  u/aL  hirudin  in  whole  blood. 

(14)  Foraula  (11)  plus  2  x  10"^  M  DABS  in  whole  blood. 

(15)  Foraula  (10)  plus  40  }iM  BABXM. 
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Table  9 


•.  Use  of  heparin  in  extended  storage  of  PC. 


Z  nits1 

-eg 

pO; 

Shock2 

LDH3 

ZDiscs 

Day  10  „ 

Heparin  (For.  7)5 

63Z 

7.31 

174 

14 

98Z 

35Z 

24Z 

Citrate  +  Fragmin 
(For.  9) 

58Z 

6.88 

150 

11 

92Z 

ND 

23Z 

Citrate  (For.  8) 

75Z 

6.76 

109 

16 

74X 

19Z 

48Z 

Day  15 

Heparin  (For.  7) 

33Z 

6.82 

186* 

8* 

38Z 

43Z 

16% 

Citrate  +  Fragmin 
(For.  9) 

39Z 

6.35 

185* 

5* 

0 

HD 

4Z 

Citrate  (For.  8) 

61X 

6.28 

117 

10 

17Z 

23Z 

20% 

^Countable  platelets  remaining  relativa  to  the  fresh  PC  at  Day  0. 

^Hypotonic  shock  response  expressed  as  a  percent  of  the  response  in  the 
fresh  PC  at  Day  0. 

3Plasma  levels  of  LDH  expressed  es  a  percent  of  the  total  releaseable  LDH 
in  PC. 

^Percentage  of  platelets  remaining  in  the  discoid  shape. 

^Formula  number  from  Table  8. 

*  These  values  of  p02,  pCOj  represent  approximate  equilibration  with  room 
air,  suggesting  no  current  respiratory  activity  in  the  PC. 
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Table  10.  Storage  of  PC  for  15  days  in  CFDA-1  containing  PGE-1  and 
thaophyllina  with  or  without  aprotinin  and/or  a  thrombin 


inhibitor t  means  only,  n 

2  4  in  each 

group. 

Addltive(s)1 

Formula 

mu 

£S 

pQ? 

PCO? 

Shock 

ADP2 

LDH 

ZDiscs 

Hirudin 

No.  10 

ND 

6.48 

136 

14 

36X 

HZ 

31Z 

37Z 

Aprotinin 

No.  11 

69Z 

6.41 

116 

22 

65X 

0 

20X 

52Z 

Aprotinin  4-  No.  12 

6  |H  Thromstop 

70Z 

6.55 

103 

25 

66X 

76Z 

11X 

68Z 

Aprotinin  4-  No.  12(mod)  77X 

1  pM  Thromstop 

6.27 

126 

20 

59X 

26Z 

8Z 

ND 

4 

Aprotinin  4- 

No.  13 

67X 

6.46 

85 

29 

87Z 

42Z 

11Z 

70Z 

Hirudin 


^Formula  number  from  Table  8. 

1 Additives  to  the  basic  anticoagulant  formulation  of  CFDA-1  plus  PGE-1  and 
theophylline  (Formula  No.  8). 

2 Aggregation  response  induced  with  2  x  10”**M  ADP  in  terms  of  a  percentage 
of  the  aggregation  slope  produced  by  fresh  platelets. 

Although  the  need  for  inhibitors  of  platelet  activation  and  thrombin 
has  been  discussed,  the  basis  of  the  additional  benafit  with  aprotinin  is 
not  clear.  Besides  its  action  as  an  inhibitors  of  plasmin  and  fcalllkrein 
proteolytic  activity,  aprotinin  has  been  reported  to  reduce  the  appearance 
of  platelet  secretion  products  in  whole  blood  (Lundsgaard-Hansen,  Vox  Sang. 

1-5,  1983).  Again,  it  would  appear  that  efforts  to  reduce  the 
activation  (and  secretion)  reactions  of  platelets  help  preserve  platelet 
function  during  storage.  Electron  micrographs  of  platelets  stored  in  the 
presence  of  citrate  plus  PGE-1,  theophylline,  Thromstop,  and  aprotinin 
(Formula  No.  12)  reveal  generally  Intact  morphology  and  internal  structures 
in  the  majority  of  platelets  even  after  15  days  of  storage  (see  Figure  9). 
Other  agents,  such  as  the  Factor  Xa  inhibitors  DABS  and  BABXM  (Formula  Nos. 
14  and  15),  did  not  provide  additional  improvement  (data  not  shown). 
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Artificial  Media 


The  success  of  platelet  activation  inhibitors  in  plasaa  PC  prompted  a 
similar  approach  to  the  improvement  of  platelet  storage  in  artificial 
media.  Our  collaborators,  Andrew  Heaton,  MD,  and  Stein  Holme,  PhD,  of  the 
American  National  Had  Cross  Blood  Services  at  the  Tidewater  Region 
headquarters  in  Norfolk,  VA,  have  devised  a  nutritive  electrolyte  solution 
for  platelets  which  appears  to  improve  the  ability  of  cells  to  withstand 
extended  storage  periods  (see  Holm  et  al.,  Br.  J.  Haematol.  66s 233-238, 
1987}.  We  found  that  with  the  addition  of  platelet  activation  inhibitors, 
the  storage  period  in  artificial  media  could  be  extended  to  as  long  as  20 
days  before  a  substantial  loss  of  in  vitro  platelet  function  was  evident. 
This '‘was  accomplished  without  direct  modification  of  the  anticoagulant. 
Units  of  non-aspirinated  CPDA-1  whole  blood  were  selected  at  random  from 
Red  Cross  bloodmobiles  and  cantrifuged  to  make  platelet-rich  plasma  in  our 
laboratory.  To  the  PRP  was  added  one  eighth  volume  of  citrated  saline 
containing  the  supplement  of  inhibitors,  such  as  PGR-1  and  theophylline, 
dissolved  at  high  concentrations  in  the  citrated  saline  to  give  effective 
levels  in  the  PRP  equivalent  to  those  obtained  in  blood  from  modified  CPDA- 
1.  After  a  short  incubation  (15-30  minutes)  the  PRP  was  centrifuged  to 
make  a  platelet  pellet  which  was  resuspended  in  the  Norfolk  artificial 
mad  inn  containing  another  dose  of  the  inhibitors.  This  approach  seemsd  to 
be  more  effective  than  the  use  of  inhibitors  in  whole  blood,  possibly  due 
to  metabolising  of  FGE-1  by  RBCs  and  thus  a  decrease  in  the  effect  of  this 
inhibitor  on  platelets. 

Data  obtained  through  the  addition  bf  PGE-1  plus  theophylline  to  PRP 
and  the  Norfolk  medium  are  presented  in  Table  11.  A  further  improvement 
was  noted  with  the  addition  of  aprotinin  and  Thromstop  to  the  PGE-1  plus 
theophylline  cocktail  (see  Table  12).  These  results  have  been  confined  by 
Drs.  Heaton  and  Holme  in  their  laboratory  with  markers  of  platelet 
integrity  and  metabolic  status.  Just  prior  to  termination  of  the  contract, 
we  also  tested  a  modification  of  the  Norfolk  medium  to  reduce  the  amount  of 
phosphate  ionj  the  CPD  reagent  in  the  medium  was  replaced  with  ACD  (P04- 
free}  and  10Z  more  sodium  bicarbonate  was  addad  to  equilibrate  the  pH.  The 
phosphate  ion  concentration  was  reduced  to  examine  its  effect  on  platelet 
metabolism  during  storage.  The  results  (Table  13)  suggest  that  the 
reduction  in  phosphate  was  beneficial  in  lowering  the  metabolic  rate  of 
stored  platelets  Without  compromising  function  and  integrity. 


Table  11.  PC  stored  in  PAS  ♦  glucose  (the  Norfolk  medium)  with  300  nM  PGE- 
1  plus  1.9  oM  theophylline  (n*10) . 


Day  1 

Count1 

1.20 

fiS 

7.18 

*6 

RCO, 

89 

Shock2 

0.090 

Glucose 
532  mg/dL 

Lactate 
2.6  mM 

ZLDH3 

2Z 

Day  15 

SOX 

7.04 

82 

33 

79X 

188  mg/dL 

31  nM 

12Z 

Day  20 

69Z 

6.72 

120 

21 

58Z 

101  mg/dL 

40  a*i 

17X 

1 Platelet  count  expressed  per  10^/mL;  Day  15  and  Day  20  valua  expressed  as 
a  percent  of  Day  1. 

2Hypetonic  shock  recovery  rate  expressed  as  AOD/mint  Day  15  and  Day  20 
vales  expressed  as  a  percent  of  Day  1. 

^Released  LOT  expressed  as  a  percent  of  total  cellular  LIB. 
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Table  12.  PC  stored  in  PAS  ♦  glucose  (the  Norfolk  Medium)  with  300  nM  PGE- 
1  +  1.9  mM  theophylline  4  348  KI  u/mL  aprotinin  +  6  pM  Thromstop 
(n  *  6). 


Count 

£& 

£02 

£C02 

Shock 

Glucose 

Lactate 

%LDH 

Day  1 

1.20 

7.09 

15 

99 

0.091 

522  mg/dL 

3  mM 

2% 

Day  15 

97% 

6.78 

75 

37 

78% 

179  mg/dL 

28  mM 

6% 

Day  20 

90% 

6.56 

130 

24 

62% 

92  mg/dL 

36  nM 

10% 

Footnotes 

as  in  Table  11 

• 

Table  13. 

PC  stored  in  PAS  +  glucose  +  300  nM  PGE-1  and  1.9  mM 
theophylline  with  ACD  substituted  for  CPD  in  PAS  (n«3). 

Count 

pH 

pQ? 

pco? 

Shock 

Glucose 

Lactate 

%LDH 

Day  1 

1.40 

6.92 

32 

127 

0.122 

556  mg/dL 

4.6  mM 

1% 

Day  15 

96% 

6.72 

53 

37 

82% 

196  mg/dL 

31  aM 

6% 

Day  20 

93% 

6.66 

97 

29 

73% 

123  mg/dL 

33  mM 

8% 

Footnotes  es  in  Table  11. 

Other  formulations  of  inhibitors  were  tried  in  the  use  of  the  Norfolk 
artificial  medium  for  extended  storage  of  platelets s  none  proved  as 
effective  as  those  described  in  Tables  11-13.  These  attempts  included 
preparations  with  100  pH  caffeine  with  and  without  PGI-1,  300  nM  PGE-1 
without  theophylline,  300  nM  PGE-1  with  1  nM  theophylline  (half -strength), 
10  pH  trifenagrel  (an  inhibitor  of  the  cyclo-oxygenase  enzyme  system  in 
platelets),  forskoiin  at  several  concentrations,  and  changes  in 
methodology t  such.'as,  adding  PGE-1  plus  theophylline  to  the  PRP  only  or  to 
the  PC  only  instead  of  at  both  steps.  The  lack  of  success  with  these 
maneuvers  illustrates  the  extent  of  the  role  of  platelet  activation  in  the 
storage  lesion.  While  much  more  investigation  would  be  needed  to  identify 
and  address  the  problem  areas,  we  feel  that  the  combined  approach  of 
platelet  activation  inhibitors  and  artificial  media  could  lead  to  a 
practical  solution  for  extending  the  useful  shelf-life  of  PC  to  15-20  days. 
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Surface-to-Voluma  Ratios 


In  our  first  studies  on  the  addition  of  platalat  activation  inhibitors 
to  tha  citrata  anticoagulant  for  plasma  PC,  w  used  the  standard  ratio  of 
bag  surface  to  PC  volume  of  7  car/mL.  Upon  noting  a  decrease  in  lactate 
build-up  and  glucosa  consumption  in  PC  as  a  Result  of  the  inhibitors,  we 
decided  to  see  how  much  we  could  minimise  the  bag  surface  area  before 
compromising  gas  exchanga  across  tha  bag  wall.  To  accompliah  thia  strategy 
•xperimentally,  we  rolled  up  the  PL-732  storage  container  length-wise  and 
secured  it  with  metal  clips  before  introducing  PC  into  the  bag  for  storage. 
The  initial  experiments  were  done  with  the  formulation  of  CPDA-1  modified 
with  300  nM  PGE-1  plus  1.9  aM  theophylline  and  348  KI  units/mL  aprotinin 
(findl  cones,  in  PRP);  tha  PC  were  stored  in  their  native  plasma 
(containing  the  inhibitors)  at  surf ace- to- volume  (S/V)  ratios  of  7,4,  and  2 
cmz/aL.  The  results  (Table  14)  showed  a  remarkable  effect  of  S/V  ratio  on 
the  outcome  after  15  days  of  storage  of  these  PC.  The  best  S/V  ratio 
appeared  to  be  4cor/mL,  which  was  later  confirmed  for  other  formulations  of 
inhibitors. 

Table  14.  Effects  of  surface-to-volume  ratio  in  PC  stored  in  CPDA-1  +  PGE- 
1  +  theophylline  +  aprotinin  for  15  days.  (Means,  N“4  each  group). 


S/V 

Percent  Pits 
Kemainins 

El 

pco? 

pQ? 

Z  Hypo  Shock 
Remainins 

2 

ND 

5.84 

7 

187 

OZ 

4 

61Z 

6.58 

18 

135 

81Z 

7 

31Z 

6.61* 

9 

180 

19Z 

PC  having  p(X>2  S  10  and  p02  k  180  mm  Hg  and  minimal  or  no  response  to 
hypotonic  shock  are  probably  not  of  value  for  transfusion  even  if  the  pH  is 
still  above  6.0. 

The  beneficial  effect  of  a  reduced  S/V  ratio  was  used  to  advantage  in 
all  of  the  successful  formulations  of  inhibitors  for  PC  stored  in  plasma 
and  for  PC  stored  in  artificial  media.  The  data  reported  in  Tables  10-14 
of  this  report  were  generated  with  PC  stored  at  S/V  *  4.  When  control 
studies  were  performed  et  reduced  S/V  ratios  without  platelet  activation 
inhibitors,  the  results  indicated  no  beneficial  effect  due  solely  to  a 
reduction  in  surface  erea  (data  not  shown).  It  would  appear  also,  mostly 
from  the  data  in  Table  14  end  other  similar  experiments,  that  the  full 
beneficial  effect  of  the  platelet  activation  inhibitors  can  not  be  realised 
until  the  S/V  retio  is  lowered  to  take  advantage  of  the  lower  metabolic 
rate  and  reduced  need  for  gas  exchange  across  the  storage  container. 
Possibly,  this  effect  is  medleted  by  e  reduction  in  the  rate  of  exposure  of 
stored  platelets  to  a  foreign  surface,  namely  the  beg  wall,  by  reducing  the 
evellable  surfece  area  with  which  the  platelets  can  interact.  The  ability 
of  the  inhibitors  to  prevent  activation  by  this  route  may  be  greatly 
enhanced  when  the  number  of  collisions  of  platelets  with  the  bag  wall  is 
statistically  reduced  by  this  method. 
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Future  Directions 


This  report  presents  dsts  supporting  the  notion  that  platelet 
activation  is  largely  responsible  for  the  loss  of  platelet  function  and 
integrity  in  PC.  Our  use  of  inhibitors  of  platelet  activation  and  reduced 
surface- to- volume  ratios  has  shown  significant  improvements  in  preserving 
platelets  in  vitro  for  periods  up  to  15*20  days.  The  second  part  of  this 
contract  would  have  examined  the  issues  concerning  application  of  this 
technology  to  transfusion  practice.  Platelet  survival  and  efficacy  studies 
need  to  be  done  in  animal  models  and  in  man  to  examine  the  in  vivo 
circulation  of  platelets  stored  in  the  presence  of  activation  inhibitors. 
Toxicity  also  should  be  investigated •  although  most  of  the  compounds  in  the 
successful  formulations  have  been  used  in  man  at  levels  many  times  higher 
than  that  employed  here  without  acute  toxic  effects.  Only  after  these 
studies  are  caaq>let'ed  can  we  judge  the  practicality  of  the  use  of  our 
approach  in  improving  the  shelf -life  of  stored  platelet  concentrates. 
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